Background: Physical activity has been associated with reduced risk of breast cancer. Evidence on the association in African Americans is limited.
Introduction
Many studies, mostly of white women, have found associations of various types of physical activity with reduced risk of breast cancer (1) (2) (3) (4) (5) . The World Cancer Research Fund/American Institute for Cancer Research expert panel concluded in 2007 that an inverse association of physical activity with postmenopausal breast cancer was probable (4), based on evidence from both follow-up and case-control studies. Their conclusion on premenopausal breast cancer was that there was limited evidence for an inverse association. With the addition of newly reported studies, their conclusions in 2010 were unchanged; for premenopausal breast cancer, in particular, the evidence from follow-up studies was judged to be inconsistent, whereas that from case-control studies suggested an inverse association (5) . The optimal type of physical activity, time period, and amount of activity are not established. In a meta-analysis of 31 prospective studies of physical activity and breast cancer that assessed a variety of activity measures, an overall reduction in risk of approximately 12% was estimated for the highest level of recreational physical activity relative to the lowest, and associations were strongest for vigorous recreational activity (6) .
The results of the few studies of physical activity and breast cancer among African-American women are inconsistent (7) (8) (9) (10) (11) . Data on physical activity in relation to molecular subtype of breast cancer are also sparse and inconsistent (7, (12) (13) (14) (15) (16) (17) (18) (19) . Whether physical activity reduces incidence of estrogen receptor (ER)-negative breast cancer is of particular interest because this subtype has a worse prognosis than ER þ cancer (20) and disproportionately affects African-American women (20) (21) (22) .
In the present study, we prospectively assessed vigorous exercise at baseline, 30 years of age or 21 years, and in high school in relation to incidence of breast cancer overall and by estrogen receptor status in African-American women. We also assessed time spent brisk walking, sitting watching television, and sitting at work. The data were obtained during 16 years of follow-up in the Black Women's Health Study (BWHS), a cohort study established in 1995. In an early cross-sectional analysis, vigorous exercise was inversely associated with prevalent breast cancer (23) .
Materials and Methods

The BWHS
The BWHS is an ongoing follow-up study that began in 1995 when 59,000 African-American women aged 21-69 years from the mainland United States enrolled by completing mailed health questionnaires. The women provided information on demographic characteristics, weight, height, recreational exercise, medical history, and other factors. They are followed every 2 years through mailed and web questionnaires that update exposure information and ascertain incident breast cancer and other outcomes (24) . Deaths are ascertained through family members, the U.S. Postal service, and the National Death Index. Followup of the baseline cohort over 7 completed questionnaire cycles is 80%. The Boston University Medical Campus Institutional Review Board approved the research.
Physical activity
At baseline in 1995, participants reported the average number of hours per week (none, <1, 1, 2, 3-4, 5-6, 7-9, !10) spent in vigorous physical activity (e.g., basketball, swimming, running, aerobics) at baseline (in the previous year), at around the age of 30 years and 21 years, and in high school. They reported hours per week of walking for exercise at baseline (none, <1, 1, 2, 3-4, 5-6, 7-9, !10), and in 2003 and 2005, they reported the pace of walking (stroll, <2 mph; average, 2-3 mph; fairly brisk, 3-4 mph; brisk, !4 mph). A participant's walking was defined as brisk if she reported on the 2003 or 2005 questionnaire that her pace of walking was fairly brisk or brisk. Vigorous activity and walking for exercise were updated on follow-up questionnaires in 1997, 1999, 2001 , and 2009. Hours per day spent sitting watching television (0, <1, 1-2, 3-4, !5 h/d) and sitting at work (0, <1, 1-2, 3-4, !5 h/d) was asked in 1995 and updated in 1997, 1999, and 2001. In a validation study in which participants wore actigraphs (activity monitors) during their waking hours for a week, actigraph counts were significantly correlated with BWHS questionnaire data on recent vigorous exercise (r ¼ 0.40, P < 0.05; ref. 25) .
Covariates
The baseline questionnaire collected information on adult height, current weight, age at menarche, parity, age at first birth, breast cancer in first-degree relatives, alcohol consumption, cigarette smoking, menopausal status, age at menopause, oral contraceptive use, use of menopausal female hormone supplements, and years of education. It also collected data on usual diet in the past year with a 68-item version of the National Cancer Institute-Block food frequency questionnaire.(26) Follow-up questionnaires updated information on weight, alcohol consumption, parity, menopausal status, age at menopause, oral contraceptive use, supplemental female hormone use, years of education, and dietary intake. As described previously (27) , factor analysis was used to identify 2 major dietary patterns based on 35 foods or food groups from the food frequency questionnaire data: the "vegetables/fruit" pattern (sometimes called "prudent") was characterized by high intake of fruits and vegetables, and the "meat/fried foods" pattern (sometimes called "Western") was characterized by high intake of meat, fried foods, and sweets. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.
Breast cancer cases
Incident breast cancers were ascertained largely through self-report on the biennial follow-up questionnaires, and a small proportion was ascertained through linkage to 24 (28) (29) (30) . Breast cancer risk factors were similar in cases with known and unknown receptor status (31, 32) .
Statistical analysis
Very few breast cancer cases occurred among women younger than 30 years. We confined the analysis to women 30 years or older at baseline and excluded 1,273 women who reported having had cancer and 838 women who did not report their vigorous exercise on the baseline questionnaire, resulting in an analytic cohort of 44,078 women. We used Cox proportional hazards models to estimate incidence rate ratios (IRR) and 95% confidence intervals (CI) for the association of categories of vigorous exercise, walking, and sitting with incidence of breast cancer. In the analysis of brisk walking, hours of walking at a pace slower than fairly brisk or brisk was assigned a value of 0 h/wk of brisk walking. Participants contributed person time to the analysis from baseline until the occurrence of breast cancer, loss to follow-up (the date of the last returned questionnaire), death, or the end of follow-up in 2011, whichever occurred first. Ductal carcinoma in situ breast cancer cases were censored at the date of diagnosis. From 1995 through 2011, a total of 307,672 person years were accumulated.
For vigorous exercise at 4 time points (baseline, 30 years, 21 years, and high school), we assessed exercise in that period relative to <1 h/wk of exercise in that period. In a time-varying analysis, we updated vigorous exercise during follow-up. In an analysis of the sum of metabolic equivalent hours (MET-h) from vigorous exercise and brisk walking (defined as fairly brisk or brisk walking), we assigned 6 METs to each hour of vigorous exercise and 3.5 METs to each hour of brisk walking (33) . We assessed sitting at work and sitting watching TV both at baseline and as time varying. Covariates that changed over time (e.g., BMI) were treated as time-varying in the analyses; the Andersen-Gill data structure was used to update these covariates and exact methods were used to handle tied events (34) . The multivariable models were adjusted for the factors most strongly associated with exercise in our data: age (single year), time period (questionnaire cycle), BMI (<25, 25-29, !30), parity (0, 1, 2, !3), years of education ( 12, 13-15, 16, !17) , vegetable/fruit dietary pattern (quintiles), and meat/fried foods dietary pattern (quintiles). The analyses of brisk walking were adjusted, in addition, for vigorous exercise, and the analyses of sitting at work and sitting watching TV were adjusted for vigorous exercise and mutually for each other. Models that further controlled for age at menarche, age at first birth, oral contraceptive use, supplemental female hormone use, menopausal status, age at menopause, history of breast cancer in a first-degree relative, alcohol consumption, and cigarette smoking yielded IRR estimates that were within 2% of the estimates from the restricted model that controlled for age, time period, BMI, parity, education, and dietary pattern; only the latter estimates are presented. In addition, the multivariable IRRs were closely similar to estimates from models in which only age and calendar time were controlled. Tests for trend were conducted by using an ordinal value for each level of exercise modeled as a single variable. Tests for interaction were performed using the likelihood ratio test comparing models with and without cross-product terms between the covariate and physical activity. All statistical analyses were performed using SAS version 9.1 (SAS Institute Inc.).
Results
Relative to women who exercised vigorously <1 h/wk at baseline (Table 1) , women who exercised vigorously at least 5 h/wk were younger, more likely to be nulliparous, thinner, more educated, have a dietary pattern high in vegetables and fruits, and less likely to have a dietary pattern low in meats and fried foods. Vigorous exercisers also reported more hours of exercise at 30 years, 21 years, and in high school than less active women and they walked more at baseline. Vigorous exercisers did not differ materially from less active women in hours spent sitting watching TV or sitting at work.
The incidence of breast cancer decreased with increasing hours per week of baseline vigorous exercise (P trend ¼ 0.05; Table 2 ). IRRs for 5 to 6 h/wk and !7 h/wk relative to <1 h/wk were 0.89 (95% CI, 0.69-1.14) and 0.74 (95% CI, 0.57-0.96), respectively. For ER þ breast cancer, the IRR for !7 h/wk relative to <1 h/wk was 0.75 (95% CI, 0.52-1.09; P trend ¼ 0.28), and the corresponding estimate for ER À breast cancer was 0.85 (95% CI, 0.55-1.33; P trend ¼ 0.48). For triple-negative breast cancer, all IRRs were close to the null, with the IRR for !7 h/wk relative to <1 h/wk equal to 0.96 (95% CI, 0.46-2.01). The results were closely similar after additional control for brisk walking and sitting at work and watching TV. Associations were not stronger when vigorous exercise was assessed as a time varying variable.
There were no trends in the IRR estimates across increasing hours per week of vigorous exercise at 30 years, 21 years, or in high school: for !7 h/wk relative to <1 h/wk, the IRR was 1.00 (95% CI, 0.82-1.24) for exercise at 30 years of age, 1.09 (95% CI, 0.92-1.31) for exercise at 21 years of age, and 1.01 (95% CI, 0.84-1.20) for exercise during high school. In an analysis that assessed an average of vigorous exercise reported at baseline, 30 years, 21 years, and in high school, the IRRs were close to 1.0. Many women varied considerably in their exercise habits over time despite the correlation of recent exercise with exercise in earlier life. To assess the most consistent exercisers, we restricted an analysis to women who reported at least 5 h/wk of vigorous exercise in every time period (baseline, 30 years, 21 years, and high school) and women who reported <1 h/wk of vigorous exercise in every time period. On the basis of 45 incident breast cancer cases that occurred among women in the !5 h/wk stratum and 112 that occurred in the <1 h/wk stratum, the IRR for breast cancer overall was 0.70 (95% CI, 0.58-1.06); the corresponding estimates were 0.84 (95% CI, 0.56-1.27) for ER þ cancer (based on 24 and 55 cases, respectively) and 0.66 (95% CI, 0.37-1.18) for ER À breast cancer (based on 12 and 37 cases, respectively).
Walking for exercise at baseline without taking account of pace was not associated with incidence of breast cancer: the IRR for !7 h/wk relative to <1 h/wk was 0.98 (95% CI, 0.77-1.23) for breast cancer overall, 0.99 (95% CI, 0.71-1.38) for ER þ cancer, and 0.96 (95% CI, 0.63-1.49) for ER À cancer. However, as shown in Table 3 , brisk walking for exercise at baseline was inversely associated with overall breast cancer incidence (P trend < 0.02) in an analysis that controlled for vigorous exercise: the IRR for !7 h/wk relative to <1 h/wk was 0.77 (95% CI, 0.53-0.1.13). The corresponding estimates were 0.83 (95% CI, 0.50-1.38) for ER þ cancer and 0.88 (95% CI, 0.46-1.68) for ER À breast cancer. After controlling for sitting watching TV in addition to the other risk factors, the estimates were little changed.
In an analysis of the sum of MET-h from vigorous exercise and brisk walking at baseline, an inverse association with breast cancer incidence was similar to that for vigorous exercise and brisk walking alone: the IRR for !45 MET-h/wk relative to none was 0.72 (95% CI, 0.57-0.90) for breast cancer overall, 0.68 (95% CI, 0.50-0.95) for ER þ cancer, and 0.90 (95% CI, 0.62-1.32) for ER À cancer. Associations of baseline vigorous exercise with overall breast cancer incidence within categories of age at diagnosis, BMI, parity, family history of breast cancer, and menopausal status are shown in Table 4 . An inverse association was weaker among women who were at least 50 years old than among younger women, but the P value for interaction was 0.44. Inverse associations of exercise with breast cancer incidence were similar across strata of BMI, parity, family history of breast cancer and menopausal status.
IRRs for breast cancer for women who reported the most sitting at work or watching TV were slightly above 1.0 (Table 5) ; these analyses mutually controlled each type of sitting and for vigorous exercise in addition to the other breast cancer risk factors. For breast cancer overall, the IRR was 1.13 (95%, CI 0.91-1.40; P trend ¼ 0.66) for !5 h/d of sitting watching TV relative to < 1 h/d, and the corresponding estimate was 1.05 (95% CI, 0.90-1.22) for sitting at work. In a time-varying analysis, the associations were similar. In an analysis in which hours per week of sitting at work and watching television were combined, the IRR for We assessed the joint effects of vigorous exercise with combined hours of sitting watching TV and at work (Table  6 ). For breast cancer overall, the IRR estimates were largest for women who exercised vigorously <1 h/wk, intermediate for those who exercised 1-4 h/wk, and lowest for those who exercised at least 5 h/wk, regardless of their hours of sitting. Within these categories of exercise, there were no clear trends in risk across increasing amount of sitting.
Discussion
In this prospective study of African-American women, recent vigorous exercise reported at baseline was inversely associated with overall incidence of breast cancer. The IRRs were close to the null for levels of exercise up to about 5 h/wk, and the estimated reductions in incidence for 5-6 and !7 h/wk of exercise were 11% and 26%, respectively. Brisk walking at baseline was associated with similar reductions. If the associations are real, a considerable amount of vigorous exercise or brisk walking is required for a reduction in breast cancer risk. We found no association of vigorous exercise at 30 years, 21 years, or in high school with breast cancer incidence. These variables might have been reported less accurately than recent exercise, or exercise in those time periods may not be relevant. Results from an analysis confined to the relatively small subset of women whose exercise habits were consistent across all time periods did not suggest an inverse association stronger than that for recent exercise.
While there is growing evidence that physical activity is protective against breast cancer (1-5), there are inconsistencies, probably due, in part, to the fact that associations have generally been weak. Even results on vigorous exercise, for which associations have tended to be strongest, have varied, with some studies finding associations for exercise in early life, some for later life, and yet others for exercise throughout the life span (1-6).
Previous results on exercise and breast cancer incidence specifically among African-American women come from activity in premenopausal and postmenopausal women in a case-control study in San Francisco that included 394 African-American cases (9) and with recent exercise in 2 case-control studies that included 88 African-American cases from one study (10) and 97 African-American cases from the other (11) . The only previous findings specific to African-American women based on prospectively collected data come from the Southern Community Cohort follow-up study: based on a nested case-control study composed largely of postmenopausal women that included 374 African-American cases, neither recreational activity at baseline nor at ages 30-39 years was significantly associated with breast cancer risk (8) .
We found no evidence that the association of baseline physical activity with breast cancer incidence differed by ER status, but larger numbers will be required to firmly establish whether there are differences. In 2 studies that found inverse associations of physical activity with breast cancer overall, the inverse associations have been stronger for ER À cancer: in the California Teachers follow-up study, average lifetime exercise was not associated significantly with incidence of ER þ breast cancer (based on 1,879 cases), whereas there was a statistically significant inverse association with ER À cancer (345 cases; ref. 14); the association was present among postmenopausal women, and the number of premenopausal cases was insufficient to determine the association in that subgroup. In the NIH-AARP follow-up study of postmenopausal women, there was also little association with ER þ cancer (2,083 cases), whereas there was a significant inverse association with ER À breast cancer (411cases; ref. 16 ). In contrast, other studies of premenopausal and postmenopausal women (7, 12, 15) and of postmenopausal women only (13, 17, 18) have found no difference by ER status. In the Women's Health Initiative study of postmenopausal women, physical activity at baseline was inversely associated but not significantly with risk of both ER þ and triple-negative breast cancer (19) . Our results on triple-negative cancer were close to the null, but confidence intervals were wide.
We found no statistically significant differences in the associations of baseline vigorous exercise with breast cancer risk in categories of age, BMI, parity, family history of breast cancer, and menopausal status, although an inverse association was stronger among women younger than 50 years of age than among older women. Associations in previous studies have varied across subgroups but not consistently (1-6).
There were small nonsignificant increases in risk of breast cancer associated with long hours of sitting at work or watching TV. An analysis of the 2 types of sitting jointly with vigorous exercise did not provide evidence for an increase in breast cancer risk in the women who were least active. In the American Cancer Society Cancer Prevention Study II (18) and the NIH-AARP Diet and Health Study (35) , both of postmenopausal women, time sitting was associated with small nonsignificant increases in breast cancer incidence.
Exercise might lead to lower incidence of breast cancer through biologic mechanisms (3, 36, 37) that include reductions in menstrual cycles and ovarian hormones (4, (38) (39) (40) (41) (42) , reductions in weight gain and obesity (4), reductions in hyperinsulinemia, insulin resistance, and insulin-like growth factor (IGF)I (43, 44) , effects on cellular proliferation and apoptosis in mammary tissues (45) , and effects on inflammation and immune function (46, 47) . Our results do not support an influence of physical activity through effects on weight gain and obesity, because control for BMI did not change the IRRs, associations did not vary across categories of BMI, and associations were not stronger among postmenopausal women.
Data on physical activity were collected prospectively in the present study, thus obviating concern about reporting bias. Case-control studies have tended to find stronger associations of physical activity with breast cancer risk than follow-up studies. This difference could reflect better collection of detailed data on physical activity in the casecontrol studies. On the other hand, it could also reflect bias in the case-control studies from differential reporting of exercise by case-control status or disproportionate participation of more educated potential controls. The usefulness of the data reported on recent vigorous exercise in the present study is supported by 2 lines of evidence: in a BWHS validation study, self-report of recent vigorous exercise was significantly associated with an objective measure of physical activity (25) , and vigorous exercise was associated with reduced incidence of type 2 diabetes (48) and obesity (49) in the BWHS, as expected. We had no validation data on exercise at the age of 30 years or 21 years or high school; exercise at these earlier time periods may have been reported less accurately than recent exercise. We also had no validation data on hours per day of sitting, but hours per day of sitting watching TV was associated with a significant increase in risk of diabetes in the BWHS, independent of recreational exercise (48) . Participants will have varied in their definitions of vigorous exercise and of brisk walking, and random misclassification will have tended to reduce the associations of the more extreme categories of exercise with breast cancer risk. However, brisk walking as defined in the present study was associated with reduced incidence of type 2 diabetes in the BWHS (48) . Lack of information on moderate-intensity activities other than walking is a limitation of the present study. Follow-up of the cohort for breast cancer was excellent, reducing concern about bias due to selective losses, and important potential confounding factors were controlled. ER status was determined by many institutions using their own parameters, and misclassification will have tended to reduce any differences between molecular subtypes.
In summary, the present study adds to the small body of evidence on exercise and breast cancer incidence in African-American women. The results suggest that high levels of recent vigorous exercise or brisk walking may result in a reduction in the incidence breast cancer.
Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.
Disclaimer
The contents of this article are solely the responsibility of the authors and do not necessarily represent the official views of the National Cancer Institute or the NIH. Data on breast cancer pathology were obtained from several state cancer registries (AZ, CA, CO, CT, DE, DC, FL, GA, IL, IN, KY, LA, MD, MA, MI, NJ, NY, NC, OK, PA, SC, TN, TX, VA), and results reported do not necessarily represent their views.
